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S. Tajima( , )
$X=\mathbb{C}^{n},$ $z=(z_{1}, \ldots, z_{n})\in X$ . $n$ $f_{1}(z),$ $\ldots,$ $f_{n}(z)\in$
$\mathbb{Q}[z_{1}, \ldots, z_{n}]$ . $f1(z),$ $\ldots,$ $f_{n}(z)$ $I$ ,
$V(I)=\{z\in X|f1(z)=\cdots=f_{n}(z)=0\}$ $Z$ .




$\Sigma=\{h\sigma_{F}|h\in \mathbb{Q}[z_{1}, \ldots, z_{n}]\}$
, Grothendieck local residue pairing , $\Sigma$
$\mathbb{Q}[z_{1}, \ldots, z_{n}]/I$ . $I$




. , $\Sigma_{:}$ $\mathbb{Q}[z_{1}, \ldots, z_{n}]/I_{\dot{\iota}}$ .
, $\mathbb{Q}[z_{1}, \ldots, z_{n}]/I$ $\Sigma$ , $\mathbb{Q}[z_{1}, \ldots, z_{n}]/I_{i}$ $\Sigma_{:}$
biorthogonal .
Jacobi , $\mathbb{Q}[z_{1}, \ldots, z_{n}]/I$
([6], [8]). ,
, biorthogonal .
, $I_{\dot{l}}\neq\sqrt{I_{\dot{l}}}$ , $\mathbb{Q}[z_{1}, \ldots, z_{n}]/I_{\dot{\iota}}$ $I_{\dot{\iota}}$
. 2000 9 , biorthogonal ,
.
, .





$X=\mathbb{C}^{2},$ $f(x, y)=x^{3},$ $g(x, y)=y^{2}+2x^{2}+3x$ . $=\langle f, g\rangle$
$x\succ y$ $\{y^{6},27x+2y^{4}+9y^{2}\}$ . $Z=V(I)$
, 6 . $y^{6},$ $xy^{4},$ $x^{2}y^{2},$ $x^{3}$ $I$
$y^{6}\eta=0,$ $(27x+2y^{4}+9y^{2})\eta=0$
, $\Sigma$ . $\mathbb{Q}[x, y]/I\cong \mathrm{S}\mathrm{p}\mathrm{a}\mathrm{n}\{y^{5}, y^{4}, y^{3}, y^{2}, y, 1\}$ .
, $y^{5},$ $y^{4},$ $y^{3},$ $y^{2},$ $y,$ $1$ biorthogonal .
$y^{5}$ : $\sigma_{5}=$ $[ \frac{1}{xy^{6}}]-\frac{2}{27}[\frac{1}{x^{2}y^{2}}]-\frac{1}{3}[\frac{1}{x^{2}y^{4}}]+\frac{1}{9}[\frac{1}{x^{3}y^{2}}]$
$y^{4}$ .
$\sigma_{4}=$ $[ \frac{1}{xy^{5}}]-\frac{2}{27}[\frac{1}{x^{2}y}]-\frac{1}{3}[\frac{1}{x^{2}y^{3}}]+\frac{1}{9}[\frac{1}{x^{3}y}]$
$y^{3}$ : $\sigma_{3}=$ $[ \frac{1}{xy^{4}}]-[\frac{1}{x^{2}y^{2}}]$
$y^{2}$ : $\sigma_{2}=$ $[ \frac{1}{xy^{3}}]-\frac{1}{3}[\frac{1}{x^{2}y}]$
$y$ : $\sigma_{1}=$ $[ \frac{1}{xy^{2}}]$
1: $\sigma_{0}=$ $[ \frac{1}{xy}]$





$(6x \frac{\partial}{\partial x}+(3y+2xy)\frac{\partial}{\partial y}+24+4x)\sigma_{F}=0$
$\sigma_{F}=[\frac{1}{x^{3}y^{2}}]-3[\frac{1}{x^{2}y^{4}}]+9[\frac{1}{xy^{6}}]-2[\frac{1}{xy^{4}}]$
. $\sigma_{F}$ , ,
. , $f=x^{3},$ $g=y^{2}+2x^{2}+3x$ ,
$A=(\begin{array}{lll}1 0-(2x+3)^{3} y^{4}-2x^{2}y^{2} -3xy^{2}+9x^{2}\end{array})$
85
. $\langle$ , $(\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT})\ovalbox{\tt\small REJECT} A(\ovalbox{\tt\small REJECT})$ . $\det A\ovalbox{\tt\small REJECT} y^{4}-(2x^{2}+3x)y^{2}+9x^{2}$
$\sigma_{F}=[\frac{1}{fg}]=[\frac{\det A}{x^{3}y^{6}}]$
. $\mathrm{b}$ , , $\sigma_{F}$ , .
2
$P=6x \frac{\partial}{\partial x}+(3y+2xy)\frac{\partial}{\partial y}+24+4x$
$\sigma_{F}\in\Sigma$ annihilate .
$P(\Sigma)\subseteq\Sigma$ . $P$ $P^{*}$
$P^{*}:$ $\mathbb{Q}[x,y]/Iarrow \mathbb{Q}[x,y]/I$
. , $\Sigma$ $\{\sigma_{5}, \sigma_{4}, \sigma_{3}, \sigma_{2}, \sigma_{1}, \sigma_{0}\}$
$P$ $M_{P}$ , $\mathbb{Q}[x, y]$ $\{y^{5}, y^{4}, y^{3}, y^{2}, y, 1\}$ $P^{*}$
$M_{P}^{*}$ . ${}^{t}M_{P}=M_{P}^{*}$ . , $P$
$P\sigma_{5}$ $=$ $\frac{4}{3}\sigma_{3}$
$P\sigma 4$ $=$ $3 \sigma_{4}+\frac{2}{4}\sigma_{2}-\frac{4}{27}\sigma_{0}$
$P\sigma_{3}$ $=$ $6\sigma_{3}$
$P\sigma_{2}$ $=$ $9 \sigma_{2}-\frac{2}{3}\sigma_{0}$





















$09 \frac{02}{03}0$ $1200000$ $- \frac{4}{\mathrm{o}_{5}^{27},\mathrm{o}\frac{2}{3}}-10]$
. $M_{P}^{*}={}^{t}M_{P}$ .
$\Sigma$ $\mathbb{Q}[x, y]/I$ .
$P$ $P^{*}$ ${}^{t}M_{P}=M_{P}^{*}$ .
.
, , 1 $P$
, $y$ My .
3
$\sigma_{F}$
$I$ $f,$ $g$ $\sigma_{F}=[\frac{1}{fg}]$
, $\mathbb{Q}[x, y]$ $\Sigma$ . , $y\succ x$
$\mathbb{Q}[x, y]/I$ $\{1, x, x^{2}, y, xy, x^{2}y\}$ . ,
$\{\sigma_{F},x\sigma_{F}, x^{2}\sigma_{F}, y\sigma_{F}, xy\sigma_{F},x^{2}y\sigma_{F}\}$
$\Sigma$ . Jacobi
$\{x^{2}y, xy, y, x^{2}, x, 1\}$ . , $\sigma_{F}$ annihilator $P$
. , $h(x, y)\sigma_{F}$ $P$





















, $P:\Sigmaarrow\Sigma$ $P^{*}$ : $\mathbb{Q}[x, y]/Iarrow \mathbb{Q}[x, y]/I$ ,







. , , biorthogonal
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